؉ T lymphocytes are the main cell type involved in the fatal lymphoproliferative-accelerated phase of the Chediak-Higashi syndrome (CHS). To generate a cellular tool to study the defects of this T cell subset in vitro, we have used Herpesvirus saimiri, a lymphotropic virus that transforms human T lymphocytes into extended growth and in addition, endows them with natural killer (NK) features. Transformed CHS CD8 ؉ T cells were generated and characterized in comparison with healthy controls. The results showed that transformed CHS T cells maintained the defects described in primary CHS lymphocytes, such as giant secretory lysosomes and impaired NK and T cell receptor/CD3-induced, perforin-mediated cytolytic activity [which, however, could be restored after extended culture in the presence of interleukin-2 (IL-2)]. Upon activation with phorbol ester plus calcium ionophore or upon extended culture with IL-2, transformed CHS T cells showed normal, perforin-independent plasma membrane CD178/CD95L/FasL-mediated cytolytic activity but negligible secretion of microvesicle-bound CD95L. Transformed (and primary) CHS T cells were otherwise normal for cytolysis-independent activation functions, such as proliferation, surface expression of several activation markers including major histocompatibility complex class II, and cytokine or surface activation-marker induction. Therefore, the CHS protein [CHS1/LYST (for lysosomal traffic regulator)] can be dispensable for certain NK and T cell cytolytic activities of activated CHS CD8 ؉ T lymphocytes, but it seems to be required for microvesicle secretion of CD95L. We conclude that transformed CHS T cells may be useful as a tool to study in vitro the relative role of CHS1/LYST in NK and T lymphocyte cytolysis and antigen presentation. J. Leukoc. Biol. 77: 661-668; 2005.
INTRODUCTION
Chediak-Higashi syndrome (CHS) is a lethal, autosomal, recessive human disorder characterized by impaired immunity and pigmentation [1] . The disease is caused by mutations in CHS1, which encodes a large, ubiquitous phosphoprotein termed CHS1 or LYST (for lysosomal traffic regulator) [2, 3] . The biological role of CHS1 is unknown [4] , but it is required for the normal membrane targeting of secretory lysosomes, specialized organelles present in all cells but critical for the normal function of leukocytes and melanocytes. These cell types share part of the molecular machinery involved in the regulation of secretory lysosome metabolism, causing the coexistence or independence of immunodeficiency (ID) and albinism in certain genetic disorders [1] . The lack of CHS1 impairs immune cytolysis by T and natural killer (NK) lymphocytes, as their secretory lysosomes (termed lytic granules) fuse and enlarge, and their contents cannot be released properly on their targets. As a consequence, it is believed that cytolytic responses against viral infections [notably EpsteinBarr virus (EBV)] are not effective or cannot be extinguished by fratricide and cause uncontrolled T cell activation, lymphoproliferation, and tissue infiltration by activated CD8 ϩ T cells [1, 5] .
Current in vitro models of CHS are restricted to interleukin-2 (IL-2)-dependent T cells lines, which may or may not display NK activity [6 -8] . Herpesvirus saimiri (HVS) strain C488 is a common lymphotropic virus of squirrel monkeys, which has been used to transform into extended growth human mature T lymphocytes. Transformed cells remain IL-2-dependent and acquire a constitutively activated [major histocompatibility (MHC) class II ϩ , CD25 ϩ , CD69 ϩ , CD45R0 ϩ ] T lymphocyte phenotype (CD3 ϩ , CD2
ϩ , CD7 ϩ , and CD4 ϩ or CD8 ϩ ) [9] . In addition, the transformed T cells display NK-like features, such as CD56 expression and lysis of the MHC class I-negative cell lines K562 [10] , L721.221, and C1R, which can be inhibited by CD1d [11] . In contrast to untransformed T cells, they are antigen-and mitogen-independent, they can express CD178/CD95L/FasL and CD30 [12] , and they acquire a functional T helper cell type 1 profile [9] .
It has been shown [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] that transformed T cells from congenital ID preserve the original defects. We therefore reasoned that transformed T cells from CHS patients might be useful as a tool to study the role of CHS1/LYST in cytolytic lymphocytes. To this end, we transformed T cells from CHS patients that lack a functional CHS1 protein and compared them to transformed T cells from healthy individuals.
MATERIALS AND METHODS

Patients and controls
Four patients, from Venezuela (CH1, -6, and -8) or Spain (CHC), with welldocumented CHS, according to the diagnostic criteria of the International Union of Immunological Societies Scientific Group for Primary Immunodeficiency Diseases [23] , two healthy female obligate carriers (CH3 and -9), four healthy family members (CH2, -4, -5, -7), and six unrelated, healthy controls (CTC5, CTLT, CTDRD, CC1-3) were included in the study. Endemic CHS has been reported previously in the Tachira State of Venezuela [24] . Informed consent was obtained from all individuals. In addition, five X-linked agammaglobulinemia patients (XLA1-5) were included as an irrelevant ID control. Mutation analysis by polymerase chain reaction and simultaneous, singlestranded sequence polymorphism heteroduplex assays in all patients and several healthy family members failed to detect pathological mutations in CHS1, as reported in almost half of the patients in the larger series, although a K590N heterozygous polymorphism was detected in CH2 [25] .
Cell lines
HVS-transformed T cell lines were derived from peripheral blood lymphocytes (PBL) as described [26] . PBL (2ϫ10 6 ) in 1 ml were exposed (or not) to 1 ml infective HVS supernatant (final concentration, 1ϫ10 6 cells/ml) in 24-well plates (Costar, Cambridge, MA) in the presence or absence of 1 g/ml phytohemagglutinin (PHA; Difco Laboratories, Detroit, MI). Thereafter, cells were grown in Panserin/RPMI (RPMI-1640 medium from Biochrom, Berlin, Germany, and Panserin medium from Pan Biotech, Aidenbach, Germany) supplemented medium with 10% fetal calf serum (FCS; Flow Laboratories, Rockville, MD), 1% L-glutamine (Gibco-BRL Paisley, UK), and 1% antibiotic and 50 IU/ml human recombinant (hr)IL-2 [kindly provided by Frederick Cancer Research and Development Center, National Cancer Institute (NCI), National Institutes of Health (NIH), Frederick, MD]. A transformed phenotype was indicated by the death of unexposed HVS cultures as compared with the sustained growth and T lymphoblast cell morphology of HVS-exposed cultures as described [27] . HVS-exposed T cells had been maintained in long-term culture for more than 8 months when the experiments reported here were performed.
Phenotypical analyses
The following conjugated monoclonal antibodies (mAb) were used for cytofluorometric analyses: Leu4 (anti-CD3), Leu-3a (anti-CD4), Leu 2a (anti-CD8␣), Leu23 (anti-CD69), FastImmune anti-hIL-2, FastImmune anti-human tumor necrosis factor ␣ (TNF-␣), and FastImmune anti-human interferon-␥ (IFN-␥) from Becton Dickinson (Mountain View, CA); mouse immunoglobulin G (used as negative control) from Caltag (Burlingame, CA); CD154 from PharMingen (San Diego, CA); human leukocyte antigen-DR, CD2, CD25, and CD71 from Caltag Laboratories (Burlingame, CA). For single-and two-color immunofluorescence, 1 ϫ 10 6 cells were incubated for 30 min at 4°C with appropriate fluorescein isothiocyanate-or phycoerythrin-conjugated mAb in phosphatebuffered saline (PBS)/EDTA buffer containing 1% FCS. After two washes with PBS buffer, the cells were analyzed in an Epics Elite Analyzer cytofluorometer (Coulter, Hialeah, FL). Isotype-matched, irrelevant antibodies were used to define background fluorescence [15] . Data were collected on 10 4 viable cells as determined by electronic gating from a tight region around the lymphocyte population on the forward-scatter/side-scatter parameters dot-plot. For histochemical analysis, cytospin slides (400 rpm, 4 min, room temperature) were stained with haemotoxylin/eosin.
Cytolysis assays
NK lytic activity was measured using a standard 51 Cr release assay with K562 as target cells as described previously [26] . Briefly, transformed effector cells were IL-2-starved (or not, 40 IU/ml) for 1 week before incubation in triplicate at different effector:target (E:T) cell ratios (from 1:1 to 50:1) with 51 Cr-labeled K562 targets (5ϫ10 3 cells/well) in U-bottom, 96-well plates. For (perforinmediated) CD3-redirected cytolysis, effector cells were cultured for 4 h with Fas/CD95 Ϫ , FcR ϩ 3 H-thymidine-labeled mouse leukemia L1210 cells in the presence or absence of 5 g/ml mouse anti-human CD3 mAb UCHT-1, essentially as described [28] . For Fas/CD95-mediated cytolysis, effector cells were stimulated (or not) for 3 h with 10 ng/ml phorbol myristate acetate (PMA; Sigma Chemical Co., St. Louis, MO) plus 600 nM ionomycin (Sigma Chemical Co.) in the presence or absence of 1 g/ml cycloheximide (CHX). Cells were then cultured for 16 h with 3 H-thymidine-labeled, Fas-transfected murine L1210 cells (termed L1210Fas) or as a negative control, untransfected L1210 cells. Experiments were done in the presence of 1 mM EGTA plus 1.5 mM MgCl 2 to block perforin-mediated cytolysis. For cell-free cytolysis, supernatants of effector cells stimulated as above were collected and tested for growth inhibition of L1210 and L1210Fas by the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) reduction method [29] . Lysis was measured as median cpm in a ␥-or ␤-counter (Packard, Meridien, CT). For spontaneous and maximum lysis controls, target cells were incubated alone or in 2% sodium dodecyl sulfate, respectively. The percentage of specific lysis was calculated as follows: experimental lysis -spontaneous lysis ϫ 100/ maximum lysis -spontaneous lysis. Spontaneous lysis was typically below 10%.
Proliferation assays
Proliferation was measured by standard 3 H-thymidine uptake assays [30] . Briefly, transformed cells were IL-2-starved for 7 days before stimulation with immobilized anti-CD3 mAb (IOT3b, Immunotech, Marseille, France) at a concentration of 1 g/ml, PMA (10 ng/ml) plus ionomycin (750 ng/ml), or hrIL-2 (50 IU/ml, kindly provided by Frederick Cancer Research and Development Center, NCI, NIH). PBL (80,000/well) were resuspended in RPMI 1640 (Cambrex Bio Science, Walkersville, MD), supplemented with 10% FCS (ICN Biomedicals Inc., Irvine, CA). Cells were stimulated with 12.5 ng/ml soluble anti-CD3 (HIT3a, Becton Dickinson), 50 IU/ml hrIL-2 (R&D Systems, Minneapolis, MN), or 10 ng/ml PMA (Sigma Chemical Co.) plus 2 g/ml ionomycin (Sigma Chemical Co.). Cells were cultured in U-bottom, 96-well plates (0.2 ml/well) for 72 h (PBL) or 48 h (HVS-transformed cells) before adding 10 l/well 3 H-thymidine (1 Ci/well, Amersham, Buckinghamshire, UK) overnight, harvested onto glass fiber filters, and analyzed in a ␤-counter (Wallac, Turku, Finland, or Packard, respectively).
Induction of cytokines
To analyze intracellular cytokine induction, transformed cells were collected, washed twice in PBS, and starved overnight in Panserin/RPMI medium supplemented with 2% FCS. Cells were then resuspended at 2.5 ϫ 10 6 cells/ml in 96-well plates and stimulated for 9 h (peak production time-point) with or without 1 g/ml immobilized anti-CD3 mAb (IOT3b) or in the presence of 10 ng/ml PMA plus 750 ng/ml ionomycin. For the last 2 h, 10 g/ml Brefeldin A (Sigma Chemical Co.) was added to the cultures to block secretion. Cells were harvested, washed twice in PBS buffer, and fixed with 500 l 1% formaldehyde in PBS for 10 min at room temperature. Then, the cells were stained intracellularly for cytokine content as described [15] . In some experiments, supernatants from cells cultured and stimulated as above (Brefeldin treatment excluded) were used to analyze cytokine secretion as indicated below for PBL.
To analyze cytokine secretion by PBL, whole blood was diluted 1:1 in RPMI 1640 (Cambrex Bio Science) and activated with PHA (5 g/ml, Sigma Chemical Co.), soluble anti-CD3 (25 ng/ml HIT3a, Becton Dickinson), or PMA (10 ng/ml, Sigma Chemical Co.) plus ionomycin (1 g/ml, Sigma Chemical Co.). Serial dilutions of supernatants collected after 48 h of culture were used to determine cytokine levels (IL-2, IFN-␥, TNF-␣) by flow cytometry (FACSCalibur, Becton Dickinson) using the cytometric bead array system (Becton Dickinson) following the manufacturer's protocols.
Induction of surface-activation molecules
To measure CD25, CD71, and CD154 (CD40L) induction after stimulation, cells were IL-2-starved overnight in Panserin/RPMI medium supplemented with 2% FCS. Cells were then resuspended at 2 ϫ 10 5 cells/ml in 96-well plates in the absence of stimuli, in the presence of 1 g/ml plastic-bound anti-CD3 mAb (IOT3b), or in the presence of 10 ng/ml PMA (Sigma Chemical Co.) plus 750 ng/ml ionomycin (Sigma Chemical Co.) and incubated for 9 h at 37°C. The 9-h time-point was chosen in kinetic experiments, as at that time, the difference between stimulated and unstimulated cells is largest [16] . Then, cells were washed twice in PBS, stained with specific mAb for 30 min at 4°C, washed twice in PBS, and analyzed by flow cytometry as described above.
Statistical analysis
Student's t-tests were performed using SPSS (Chicago, IL) 11.5.1 statistical program software. Only P values below 0.05 were considered significant. Data are presented as mean Ϯ SD.
RESULTS
Phenotypical characterization of transformed CHS T cells
PBL were incubated with infective HVS supernatant to transform them into extended growth. CHS and control, transformed T cells were then characterized comparatively. After exposure to HVS, 11 different transformed T cell lines were derived, three of them from patients and eight from healthy individuals (six family members, including obligate carriers, and two unrelated controls). All of them showed sustained growth by day 30 (doubling times ranged 2-3 days) and lymphoblastoid cell morphology, whereas the unexposed cultures were lost by day 40 (Fig. 1A) .
CD8
ϩ T cell receptor (TCR)␣␤ ϩ (Fig. 1B) . The histochemical analysis of the patients' T cell lines revealed the structural CHS hallmark described in primary cells, namely, the presence of giant, secretory lysosomes, which are not observed in carriers or controls (Fig. 2) .
Cytolytic activity of transformed CHS CD8
ϩ T cells Primary T and NK lymphocytes from CHS patients show impaired cytolytic activity (reviewed in ref. [31] ). It was important to show if transformed T cells preserved these functional features. Thus, we first tested the transformed T cell lines for spontaneous, NK-like cytotoxicity by a standard K562 51 Cr release assay and for CD3-dependent (perforin-mediated) cytolysis of Fas-negative mouse L1210 cells. The results showed that despite transformation, patients' T cell lines behaved as their primary counterparts, in that they were unable to exert normal cytolysis on the susceptible targets as compared with T cell lines from healthy controls or carriers (Fig. 3, upper) . However, activation by extended culture in the presence of exogenous IL-2 normalized the cytolytic activity of the CHS T cell lines (Fig. 3, lower) , as also described in primary cells [32] .
In addition to perforin-dependent cytolysis, T and NK cells can exert, upon proper activation, CD95/Fas-mediated cytoly- sis through the expression of CD95L/FasL, which has been shown to be normal in IL-2-activated, primary CHS T cells [32] . This type of cytolytic activity may be selectively analyzed on CD95/Fas-transfected L1210 murine cells in the presence of EGTA (which blocks perforin-mediated cytolysis). We therefore compared CHS and normal, transformed T cells for CD95L/FasL-dependent cytolytic activity. The results showed that unstimulated, transformed CHS T cell lines (as well as controls) exerted little spontaneous cytolysis on the transfectants but were induced to do so by a 3-h PMA plus ionomycin stimulation or by extended culture with exogenous IL-2, reaching levels that were comparable with those of healthy controls (Fig. 4, top and middle) . The cytolytic activity induced by PMA ϩ ionomycin stimulation was independent of de novo protein synthesis, as it was resistant to CHX treatment. Thus, activation induced the functional expression of preformed CD95L/FasL by transformed CHS and control T cells.
It has been reported that activated human T cell blasts can secrete preformed CD95L/FasL-loaded microvesicles with potent cytolytic activity [33] . The microvesicles originate from multivesicular bodies [34] , although their relationship with secretory lysosomes has not been established. To analyze the relative contribution of microvesicles to the observed CD95/ Fas-mediated cytolysis by transformed CHS T cells after activation, effector cell-free cytolysis was measured in the supernatants of the stimulated cultures by the MTT reduction test, using untransfected and CD95/Fas-transfected L1210 cells as targets. The results showed that transformed CHS T cells cannot release CD95L/FasL-loaded microvesicles (Fig. 4 , bottom), despite their normal, CD95/Fas-mediated cytolysis of susceptible targets (Fig. 4, top and middle) .
Activation features of transformed CHS CD8 ϩ T cells
Deregulated T cell activation is present in CHS patients [5] . We therefore measured several T cell activation features in transformed (or fresh) CHS T cells in response to TCR/CD3-dependent and -independent stimuli. First, their proliferative response to several mitogens was assayed and found to be similar to healthy controls or carriers (Fig. 5A, top left) . Similar results were obtained in fresh CHS PBL (Fig. 5A, top right) . Second, we evaluated intracellular cytokine induction (IFN-␥ and TNF-␣) in response to membrane (anti-CD3) and transmembrane (PMAϩionomycin) stimuli. No differences were observed among normal, X-linked agammaglobulinemia (used as a further control), carrier, and CHS T cells for any of the stimuli (Fig. 5A, middle and bottom  left) . Again, similar results were obtained in fresh CHS PBL with these and other stimuli (Fig. 5A, middle and bottom right) , confirming that transformation does not lead to functional changes in T cells for these assays. As the CHS mutation impairs certain secretory functions in affected cells, cytokine secretion was measured in transformed CHS T cells. The results showed that cytokine secretion was, if anything, higher than controls by this assay (Fig. 5B) .
Activated CHS T cells show impaired secretion of their giant granules' contents [8] . Proteins that traffic through secretory Fig. 3 . Transformed CHS T cell lines show impaired NK and CD3-dependent cytolysis, which can be restored by IL-2. Cell lines cultured in the absence (upper, CH1-3, 6 -8, CTC5, CTDRD, CTLT) or in the presence of IL-2 for 1 week (lower, CH1-3, CTC5) were tested for NK cytolytic activity using K562 as targets (left) or for perforin-mediated, redirected cytolysis of L1210 cells using the mouse anti-CD3 mAb UCHT-1 (right; see Materials and Methods). Results are depicted as mean Ϯ SD for different cell lines (left) or mean Ϯ SD of at least three different experiments with two cell lines (CH1 and -2, right). In the absence of anti-CD3, lysis was always below 10% (not shown). P values were below 0.05 for patients versus controls or carriers only in the upper panels. ␣CD3, Anti-CD3. lysosomes may be affected and contribute to the lymphoproliferation observed in vivo, as described for cytotoxic T-lymphocyte antigen (CTLA)-4/CD152 [5, 35] . Thus, we third screened for the induction of several surface proteins that might be relevant to lymphoproliferation or T cell activation (CD25, CD154/CD40L, and CD71). The results showed that they were normal, indicating that these proteins are not dependent on the secretory lysosome pathway for their surface induction (Fig. 6) .
Together, these results fit well with the accepted, selective role of CHS1/LYST in membrane targeting of specialized secretory lysosomes but not of other secretory vesicles carrying surface or soluble proteins through the direct exocytosis pathway, such as MHC class I or cytokines [36] .
DISCUSSION
In the present report, we have shown that transformed CD8 ϩ T lymphocytes from CHS patients are a useful tool to study in vitro the defects that may result in their observed, massive lymphoproliferation in vivo.
The biological role of CHS1/LYST remains to be determined. Despite the fact that it is ubiquitous, only leukocytes (particularly cytolytic lymphocytes) and melanocytes appear to be affected. Studies in T and NK cells are hampered by insufficient primary cells from patients and would benefit from a suitable in vitro model. Untransformed, CHS IL-2-dependent CD8 ϩ T cell lines are scarce, short-lived, and antigen-dependent and in contrast to primary cells, show normal NK and lectin-dependent cytolysis [6] . The HVS-transformed CHS CD8 ϩ T cell lines described here show a homogeneous phenotype and extended growth (Fig. 1 ) yet display the defects described in primary CHS PBL, such as giant lysosomes (Fig.  2) and impaired (perforin-dependent) NK and CD3-induced cytolytic activity, which are nevertheless restored by extended culture with exogenous IL-2 ( Fig. 3 and refs. [37, 38] ). The mechanism whereby IL-2-activated, fresh CHS PBL secrete perforin is unclear, although they can also exert CD95L/FasLdependent cytolysis [32] . We have shown that transformed CHS T cells show impaired, perforin-dependent cytolysis (Fig. 3) yet can be induced to exert normal, perforin-independent cytolysis (Fig. 4) . Thus, they may help to unravel this paradox.
The fatal lymphoproliferative syndrome in CHS is characterized by the peripheral expansion and tissue infiltration of activated (MHC class II ϩ ) CD8 ϩ T cells. Two hypotheses have been proposed to explain this feature [1] : Impaired killing of infected cells would result in antigen persistence and sustained stimulation, and expansion of lymphocytes, or impaired fratricide would block self-down-regulation of lymphocyte clone size. However, human CD8 ϩ T cells showed normal cytolytic activity against EBV-transformed, autologous targets in vitro [39] , and our results indicate that there are no intrinsic differences between CHS and normal CD8 ϩ T cells in growth rate (Fig. 1) , activation-induced cytolysis (Fig. 3) , functional CD95L/FasL expression (Fig. 4), cell proliferation (Fig. 5) , or cytokine and activation marker expression (Figs. 5 and 6 ).
Recent results in mice demonstrate that termination of immunity occurs via the interaction of Fas/CD95 ϩ lymphoid cells with FasL/CD95L ϩ nonlymphoid cells at the site of antigen challenge, and FasL/CD95L is absent in quiescent tissue but is rapidly up-regulated during the local immune reaction [40] . Although we have not addressed this issue directly, as CHS1/ LYST is ubiquitous, it could be speculated that lymphoproliferation and tissue infiltration in CHS might be a result of defects for the induction of indirect killing by FasL/CD95L vesicles in nonlymphoid, rather than lymphoid, cells. This hypothesis requires further experimental characterization. CD95L/FasL follows the constitutive secretory pathway and is expressed at the plasma membrane in several human cell types (HeLa, Sertoli) [41] and in murine cytolytic T lymphocyte clones [28] . In normal human T cell blasts, in contrast, CD95L is mainly sorted to and stored in secretory lysosomes until an appropriate stimulus occurs. Once activated, preformed CD95L is expressed at the plasma membrane within the secretory domain of the immunological synapse [41] , or it is secreted on the surface of microvesicles [34] . Our results suggest that microvesicle secretion, but not surface expression, of preformed CD95L is strongly dependent on CHS1/LYST (Fig. 4) . Impaired intracellular trafficking has been reported in transformed CHS B lymphocytes, which show poor peptide presentation despite normal surface MHC class II expression [35, 42] . The biological role of MHC class II expression by activated human T cells is still unknown, but it may provide down-regulatory signals to other T cells and/or anergy or apoptosis signals to the bearer [43] . Also, defective signaling via TCR/CD3 has been reported in MHC class II-deficient, transformed CD8 ϩ T cells [14] . Therefore, poor peptide presentation by MHC class II in infiltrating activated CD8 ϩ T cells in CHS could be relevant to their expansion. The role of CHS1/LYST in peptide presentation by T lymphocytes can now be addressed using transformed T cells, which express MHC class II strongly.
Human CHS CD8 ϩ (but not CD4 ϩ ) T cells store CTLA-4/ CD152 exclusively in giant lytic granules, causing poor trafficking to the cell surface after activation [5] . This differential behavior may be more general, as normal CD8 ϩ (but not CD4 ϩ ) T cells build a short-lived, immunological synapse with a specialized secretory domain in the outer adhesion ring close to TCR/CD3 complex clusters [44] . Also, expansion of CD8 ϩ (but not CD4 ϩ ) T cells in MHC class II-deficient mice was CTLA-4-independent, pointing to a critical, down-regulatory role for CD152 in MHC class II-independent CD8 ϩ cell activation in vivo [45] . CD8
ϩ HVS-transformed CHS T cells may help to explore in vitro these and further differential features in a clinically important T cell subset.
Transformed CD8 ϩ T cells display NK [11] as well as T cell activities. Therefore, they may be useful to compare both types of cytolysis in vitro within the same cell background in the absence of CHS1/LYST. This was not possible to date [44] but may be relevant in view of recent results in mice, where mutations affecting NK and NKT perforin function cause tissue infiltration by polyclonal lymphocytes [46] , as reported in other human syndromes affecting lytic granule traffic (Griscelli syndrome) or content (perforin deficiency) [1] .
Last, lentiviral transduction of HVS-transformed CHS T cells may now be used to map CHS1/LYST functional domains in vitro, following published procedures [47, 48] .
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